Iridoviruses are icosahedral cytoplasmic DNA viruses of invertebrate and vertebrate host species (Tinsley & Kelly, 1970) . Structural analysis and morphogenesis studies have demonstrated many common features among the members of the family Iridoviridae. One of these properties is the circular permutation and terminal redundancy of the viral genome which was found for three members of the family, frog virus 3 (FV3) (Goorha & Murti, 1982) , fish lymphocystis disease virus (FLDV) (Darai et al., 1983) and Chilo iridescent virus (CIV) (Delius et al., 1984) . CIV was isolated by Fukaya & Nasu (1966) from Chilo suppressalis. CIV occurs in Japan and the U.S.A. (Smith, 1976) and is of agricultural importance, since it has been shown to infect Nephtotettix cincticeps and to be lethal for Colladonus montanus (Homoptera: Cicadellidae), which is the vector for transmission of a mycoplasma of stone fruits (Jensen et al., 1972) . From this point of view CIV can be utilized in agriculture and considered as a biological insecticide, e.g. to eliminate plant diseases transmissible by insects in which CIV induces a lethal infection.
As a first step towards understanding the underlying mechanism which determines the genome structure of iridoviruses, which is unique among viruses of eukaryotes, the arrangement of the DNA must be elucidated; this has been shown for FV3 (Lee & Willis, 1983) and FLDV (Darai et al., 1985) . The construction of the physical map of the CIV genome for restriction endonucteases ApaI, Asp718, PvulI and SphI is the subject of the present study. This is based on a genomic library of CIV previously constructed (Schnitzler et al., 1987) , which represents the entire DNA sequence of the viral genome and contains all 32 EcoRI CIV DNA fragments cloned individually into the EcoRI site of plasmid vector pACYC 184. This library also contains DNA fragments of the viral genome generated after digestion with NcoI, SphI and BamHI which were inserted into the corresponding sites of plasmid vectors pKm2 and pAT153, respectively (Schnitzler et al., 1987) .
A number of restriction endonucleases have been tested for their ability to cleave the genome of CIV. ApaI, Asp718, PvulI and SphI were found to give a limited number of DNA fragments of suitable size (Table 1) , and were used for physical mapping of the CIV genome by Southern blot hybridization tests as described previously (Southern, 1975; Schnitzler et al., 1987) .
Prior to the hybridization experiments, the EcoRI gene library was screened by the restriction endonucleases chosen for the construction of physical maps of the viral genome. As shown in 0000-7766 © 1987 SGM Table 2 , when the EcoRI CIV DNA fragments A to Z and A' to F' were cleaved with ApaI, Asp718, PvulI and SphI, two, 12, 14 and 13 recognition sites were determined for these enzymes, respectively. The number of sites on the CIV genome recognized by individual enzymes (Table  2) was the same as the number of DNA fragments generated after cleavage of CIV DNA with each of these enzymes (Table 1 ). This indicated that the physical map of the viral genome was circular.
Those EcoRI DNA fragments of the CIV genome with specific sites for the enzymes tested were used for determination of the arrangement of the fragments generated by the other enzymes by hybridization experiments. The results of these studies (Fig. 1) were in full agreement with the results described above. For example, ApaI generated two DNA fragments A (158 kbp) and B (51 kbp); when EcoRI B (14.8 kbp) and J (7.9 kbp) each with one ApaI site were used as hybridization probes, it was found that both hybridized to ApaI A and B. Therefore the arrangement of the ApaI D NA fragments must be A-B-A indicating that the physical map of the CIV genome was circular. This conclusion was confirmed when other enzymes were used.
As shown in Table 2 it was found that the EcoRI fragments A, C, D, E, F, H, J, O, R and V each had one recognition site for Asp718, whereas the EcoRI G possessed two recognition sites for this enzyme. Therefore Asp718 recognized 12 restriction sites in the CIV genome. The arrangement of the Asp718 fragments (A to L) was determined by hybridization of 32p_labelled * Apal, Asp718, SphI and PvuII were purchased from Boehringer and electrophoresis was performed using 0.6 to 1.0~ agarose slab gels (Seakem, Biomedical, Rockland, Me., U.S.A.) according to Sharp et al. (1973) . t This gene library represents 100~ of the DNA sequences of the CIV genome, inserted in pACYC184 (Schnitzler et al., 1987) .
DNA (Rigby et al., 1977; Schnitzler et al., 1987) of recombinant plasmids harbouring EcoRI A, C, D, E, F, G, H, J, O, R or V to the Asp718 fragments (Fig. 1) . According to the data the arrangement of Asp718 fragments A to L was found to be K-C-G-A-I-J-L-H-D-B-F-E-K. This indicated again that the physical maps of the CIV genome were circular, since the continuity of the DNA sequences was not interrupted.
The arrangement of the PvulI and SphI DNA fragments was determined under the same conditions (Fig. 1) . For example, recombinant plasmids pylV6-E-B harbouring EcoRI B (14.8 kbp) and pylV6-E-F harbouring EcoRI F (10.4) were labelled in vitro and hybridized to the PvulI and SphI fragments. Positive hybridization signals were found for PvulI B (36 kbp), E (15 kbp) and M (3.2 kbp) and SphI D (26 kbp), E (24 kbp), L (2.6 kbp) and M (1.4 kbp) when pylV6-E-B and pylV6-E-F were used as the hybridization probes respectively.
To confirm these results (Fig. 1) , DNAs of recombinant plasmids harbouring the SphI fragments E to M, BamHI fragments F (15.6 kbp) and G (8.1 kbp) and NcoI fragments C (16.5 kbp) to L (5.1 kbp) as well as NcoI fragments A (57 kbp) and B (31 kbp) (Schnitzler et al., 1987) were labelled with 32p and hybridized to the ApaI, Asp718, PvulI and SphI fragments (data not Fig. 1 . Determination of the arrangement of the SphI, Asp718 and P~,ulI DNA fragments of the CIV genome using those cloned EcoRI DNA fragments which had recognition sites for these enzymes. The EcoRI DNA fragments (letters in circles) were hybridized to fragments of virion DNA cleaved with the corresponding restriction enzyme. Nick-translation of plasmid or viral DNA was carried out using [~-3,.P]dATP and dCTP (New England Nuclear, 6000 Ci/mmol; Rigby et al., 1977; Darai et al., 1985) . The small arrows mark the position of the recognition site of the enzyme used. The lines at the bottom of each circle indicate spanning map coordinates of the individual EcoRI DNA fragments found by hybridization. The large arrows show the ApaI cleavage position. The ApaI site in the SphI, Asp718, and PvulI DNA fragments I, K, and A respectively was fixed as the start and end point of the genome coordinates 1/0.
shown). The results of these studies were in agreement with those of the hybridization experiments described above (Table 2 and Fig. 1 ). The position of the SphI fragments K and L which comigrate (2.6 kbp) was determined by a hybridization test using recombinant plasmids plV6-Sph-K and plV6-Sph-L harbouring K and L respectively. Positive hybridization signals were found for PvulI C (24 kbp) and Asp718 A (50 kbp) when plV6-Sph-K was used as the probe. In contrast it was found that plV6-Sph-L hybridized to the Pvull DNA fragments F (13.6 kbp) and K (6.2 kbp) and to Asp718 F (16 kbp).
Although the CIV genome was linear according to the results obtained by molecular cloning and physical mapping, the restriction maps of the viral genome must be constructed as circles (Fig. 2) . Therefore the ApaI recognition site located within Asp718 K and SphI I, which correspond to EcoRI J, was fixed as the start and end point of the genome coordinates (1/0) and the corresponding map coordinates for the individual ApaI, Asp718, PvulI and SphI fragments are given in Table 1 .
In the present study we have constructed the physical maps of the CIV genome for ApaI, Asp718, PvulI and SphI and found that the maps were circular. This result supports the previous observation of circular permutation and terminal redundancy of the CIV genome (Delius et al., 1984) , similar to those of FV3 (Lee & Willis, 1983) and FLDV (Darai et al., 1985) .
The construction of the physical maps of the CIV genome will be the basis for analysis of further structural and functional properties of this interesting genome, e.g. the determination of origin(s) of replication, its packaging mechanism, encapsidation signals, transcription and translation of its genes. This investigation is fundamental to understanding of the life cycle, host range, virus-host interactions and pathogenicity of CIV.
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